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@ auteh control. 

@ An automatic clutch control system for controlling a 
vehicle master clutch drivingly interposed a throttle control- 
led engine and a change gear transmission having a clutch 
protection portion (70) to prevent the clutch from destruc- 
tively overheating due to excessive slipping is provided. The 
clutch protection portion (70) includes a device for maintain- 
ing a variable parameter simulating clutch operating temper- 
ature (110) and devices (104 and 116) for causing said 
variable parameter to be increased and decreased, respec- 
tively, at first and second rates selected to simulate clutch 
heating and cooling rates, respectively. A signal generating 
device (126) is responsive to the simulated value exceeding a 
predetermined limit to generate a clutch protection output 
signal (84) effective to cause the clutch to be operated in a 
non-slipping, preferably fully engaged, mode of operation. 
The devices (104 and 116) for causing the numerical value to 
be increased or decreased are actuated In response to 
sensed and/or calculated inputs (72, 74, 76, 78 and 82). The 
device (126) for generating the clutch protecUon signal may 
be reset to a non-signal generating condition In response to 
selected sensed and/or calculated imputs thereto. 
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CLUTCH CONTROL 

BACKGROUND OF THE INVIMTION 

Field of the Invention 

The present invention relates to clutch 
controls for automatically controlling the engagement 
and disengagement of transmission master clutches and 
more particularly relates to clutch controls for master 
clutches utilized with mechanical transmissions , in 
particular with automatic mechanical transmission 
systems, which simulate the current clutch operating 
surface temperatures and automatically operate the 

clutch in response to a simulated temperature greater 
than a predetermined limit. 

Description of the Prior Art 

Automatic mechanical transmission systems and 
the automatic controls for the master clutches thereof 
are known in the prior art as may be seen by reference 
to United States Patents Nos. 3,478,851; 3r752,284; 
4,019,614; 4,038,889; 4,081,065 and 4,361,061, the 
disclosures of which are hereby incorporated by 
reference. 

Briefly, in such automatic mechanical 
transmissions systems, various drive line operations 
include the supply of fuel to the engine, the engagement 
and disengagement of the master clutch, the shifting of 
the transmission and the operation of other devices such 
as input or output shaft brakes are automatically 
controlled by a control system, including a central 
processing unit, based upon certain measured, sensed 
f '. ^nd/or calculated input parameters. Typically, the 
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input pat.««rs include engine .peed, throttle 
ZitZ. tran»i.Bion input »d/« <».tput shaft speed. 
^ cle speed, current e„9e,ea ,e.r ratio. "PP"""- 

the brakes ->d the U.e. The ter. throttle pos.t.on 
is utilised to signify the position or setting of any 
operator controWed device for controllins the supply of 

fuel to an engine. 

Beferrin, specifically to the automatic clutch 
control, in a vehicle equipped »ith an autoaattc 
rc"a^i;al trans-ission, during nor-1 o^er.^Lon^ ^ 
Ttarting fro- at rest or operating at a very low speed, 
th^^ster friction Clutch is adulated between fully 
disengaged and fully engaged conditions. 1^. is 
partially engaged, according to "f"^ 
^ra»eters. to »intaln the engine »P--^ " J 

^ t-n achieve smooth starts, 

above idle spieed and/or to acnieve 

^Icuy, tT. set value U throttle P»b"^- ""--^"t^ 
.«^nri«te Starting torque and the clutcn is 

^rt:^r:^rgrnt^-----«-^rTr"" 

Tthe engine speed increases above and falls below, 

respectively, the set value. 

in «.other system, see Dnlted States Patent 
4.081.06S. the clutd. is .adulated in accordance wxtt 
t^otile position, engine speed and engine acceleration. 

Mhile the above autonatic metiianical 
transsdssion systeM are considered to be highly 
advantageous, the, are not totall., satisfactory as. m 
«rt.l„ start up conditions when the vehicle does not 
have sufficient torque in the selected gear » 
vehicle load or the vehicle does not have 
traction to «ve the load, the operator Bay allow the 
clutch to te-tn in the partially engaged (i.e. 
Slipping, position for an excessive period of ti« which 
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may result in excessive heat build up in the clutch and 
damage thereto. Such conditions can occur in starts up 
a steep grade and/or in mud, sand or snow. 

Clutch control systems utilizing temperature 
sensors, such as bi-metalic reed devices or the like, 
located in the clutch are known in the prior art as may be 
seen by reference to Dnited States Patent Nos. 4,072,220 
and 4,199,048, the disclosures of which are hereby 
incorporated by reference. 

Automatic clutch controls having means to 
simulate heat build up by monitoring throttle position and 
slip are known as may be seen by reference to 
above-mentioned U.S. Patent No. 4,081,065. 

The prior art systems for monitoring and/or 
simulating clutch temperature to prevent heat related 
damage thereto are not totally satisfactory as the systems 
did not provide adequate automatic response to- sensed 
conditions, did not interact with related automatic 
mechanical transmission system parameters, utilized 
relatively complicated, unreliable and/or expensive 
sensors which were difficult and/or expensive to produce, 
assemble and/or maintain, did not measure temperature at 
the operating (i.e. friction) surfaces, did not simulate 
clutch heating and clutch cooling conditions to accurately 
simulate current clutch temperature and/or based each 
temperature simulation from a fixed starting point not 
related to a constantly maintained current temperature 
simulation. 



SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
drawbacks of prior art have been overcome or minimized by 
the provision of an automatic master friction clutch 
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control system, preferably for use in an automatic 
mechanical transmission systea, which does not require a 
temperature sensing device mounted to the clutch and which 
receives certain sensed and/or calculated inputs 
to accurately simulate current clutch temperature taking 
into account the transmission system operating 
conditions and the heating and cooling rates of the 
clutch at the operating surfaces thereof and which will 
automatically operate the clutch to prevent or minimize 
over beating related damage thereto. 

The above is accomplished by providing an 
automatic clutch control system wherein certain input 
parameters are sensed and/or calculated, such as engine 
speed, engine acceleration, throttle position, speed 
difference {i.e. slip) across the clutch and/or status 
of the transmission. The automatic control, during the 
start up from rest of the vehicle, will modulate the 
clutch between fully engaged and fully disengaged 
positions and/or maintain the clutch in a selected 
partially engaged position, to achieve desired start 
up. Typically, to achieve smooth starts and not stall 
the engine, the clutch will be increasingly engaged as 
engine speed and/or engine acceleration exceed a preset 
value which is related to engine idle speed and/or 
throttle position. 

Tt> protect the clutch from excessive wear 
and/or damage resulting from heat build up at the 
friction surfaces during excessively long and/or 
repeated clutch slipping operations, an override clutch 
protection system is provided. Such undesireable 
conditions can be caused to occur by unexperienced, 
unskilled and/or inattentive operator attempts to start 
the vehicle, in unsuitable traction conditions. 
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attempting to start the vehicle with insufficient torque 
in the selected gear ratio (often associated with 
attempting to start a heavy loaded vehicle up a steep 
grade) and/or driver riding the throttle to maintain a 

5 vehicle stationary on a hill. 

The override control will cause the. clutch to 
be operated in a manner which will cease slip related 
heat build up thereof. 

The clutch will thus be caused to become fully 

10 disengaged or, preferably, fully engaged until certain 
conditions occur, such as simulated temperature falling 
below a preset value, the throttle is released and/or a 
shift is initialed. • 

Engagement of the clutch, at a preferably 

15 modulated rate, will cease slip induced heat build up 
thereof and will result in moving the vehicle, or 
stalling the engine indicating insufficient torque is 
available to move the vehicle in the selected gear 
ratio, or spixming of the drive wheels indicating that 

20 insufficient traction is available to move the vehicle. 

Upon engagement of the clutch, and during all 
system operation, the simulated clutch temperature will 
be maintained current by monitoring certain sensed 

25 and/or calculated parameters and simulating cooling 
and/or heating of the clutch in response to the 
parameters at independently selected rates. 

Accordingly, it is an object of the present 
invention to provide an automatic clutch control system 

30 for simulating a current clutch temperature from sensed 
and/or calculated inputs and for operating the clutch to 
minimize or prevent excessive wear and/or damage thereto 
resulting from slip related temperature build up. 
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This and other objects and advantages of the 
present invenUon will become apparent from a reading of 
the detailed description of the preferred embodiment 
taken in connection with the attached drawings. 

BRIEF DESCRIPTION OF THE DRftMINGS 

Figure 1 is a schematic logic diagram of the 
temperature related damage prevention override circuit 
of the present invention. 

Figure 2 is a schematic illustration of an 
automatic mechanical transmission control system of the 
type advantageously utilizing the automatic clutch 
control system of the present invention. 

Figure 3 is a cross sectional view of a typical 
master friction clutch of the type automatically 
controlled by the present invention. 

DESCRIPTIQM OF THE PREFERRED EMBODIMEMT 

In Figure 2, an automatic mechanical 
transmission system, AMT. comprising an automatic 
multi-speed change gear transmission 10 driven by a 
throttle contirolled engine 12, such as a well known 
diesel engine, through an automatically controlled 
master clutch 14 is illustrated. While the automatic 
master control system of the present invention, to be 
described in greater detail below, is especially well 
suited" for use in connection with automatic mechanical 
transmission systems of the type illustrated, it is 
understood that the automatic clutch control system of 
the present invention is also suitable for use with 
manually shifted change gear transmissions and the like. 
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Typically, automatic mechanical transmission 
systems' of the type illustrated are utilized with 
vehicles and the output of the automatic transmission 10 
is output shaft 16, which is adopted for driving 

5 connection to an appropriate vehicle component such as 
the differential of a drive axle, a transfer case, or 
the like as is well known in the prior art. The above 
mentioned drivetrain components are acted upon and 
monitored by several devices each of which will be 

10 discussed in greater detail below • These devices 

include a throttle position monitor assembly 18 which 
senses the position or setting of the operator 
controlled vehicle throttle or other fuel throttling 
device, an engine speed sensor 20 which senses the 

15 rotational speed of the engine, a clutch operator 22 
which engages and disengages master clutch 14, a 
transmission input shaft speed sensor 24, a transmission 
operator 26 which is effective to shift the transmission' 
10 into a selected gear ratio, and a transmission output 

20 shaft speed sensor 28. 

The above mentioned devices supply information 
to and/or accept commands from a central processing unit 
30, The central processing unit 30 may include analog 

25 and/or digital electronic calculation and logic 

circuitry, the specific configuration and structure of 
%rtiich, except for the automatic clutch control portion 
thereof, forms no part of the present invention. The 
central processing unit also receives information from a 

30 shift control assembly 32 by which the operator may 

select a reverse (R) , neutral (N) or forward (D) mode of 
operation of a vehicle. An electrical power source 34 
and/or a source of pressurized fluid (not shown) 
provides electrical and/or pneumatic power to the 
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various sensing, operating and/or processing units, 
brake applied sensor 36 which senses application of a 
vehicle brakes, an ambient clutch temperature sensor 38 
which senses aiabient temperature at the clutch housing 
an alarm 40 which may comprise a light and/or buzzer, 
and/ot a simulated clutch temperature indicating device 
such as gauge 41 may also be provided. Drive train 
components and controls therefore, of the type described 
above, are known in the prior art and may be appreciated 
in greater detail by reference to above mentioned United 
States Patent Hos. 4,478,851; 4,019,614; 4,038,889, 
4,081,065 and 4,361,061. 

As is known, the central processing unit 30 
receives direct inputs from sensor 20 indicating the 
present engine speed, from sensor 24 indicating the 
present transmission input shaft speed, from sensor 28 
indicating the present transmission output shaft speed, 
from sensor 32 indicating the mode of operation selected 
by the vehicle operator, from sensor 36 indicating if 
the vehicle brakes have been applied and/or from sensor 
38 indicating the ambient temperature in which the 
vehicle is operating. In addition to these direct 
inputs, the central processing unit 30 may be provided 
with circuitry whereby the signal from sensor 18 may be 
differentiated to provide a calculated signal indicative 
of the rate of change of throttle position, a circuit 
for differentiating the input signal from sensor 20 to 
provide a calculated signal indicative of the rate of 
acceleration of the engine, means to co»q?are the input 
signals from sensors 24 and 28 to calculate a current 
engaged gear ratio, circuit means to compare the input 
signals from sensor 20 and sensor 24 to calculate slip 
across the clutch 14 and means to sense full release of 
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the throttle. Full release of the throttle may be 
sensed by a separate switch or the like or may be sensed 
by a minimum value (i.e. 0% of full throttle) signal 
from sensor 18. The central processing unit may also 
comprise memory means for storing current input and/or 
calculated information and means for clearing the memory 
means upon the occurrence of a predetermined event. 

Sensors 18, 20, 24, 28, 36 and 38 may be of any 
known type or construction for generating analog or 
digital signals proportional or indicative to the 
parameter monitored thereby. Similarily, operators 22 
aiid 26, alarm 40 and gauge 41 may be of any known 
electrical, mechanical, pnuematic or electro-pnuematic 
type for executing operations in response to command 
signals from processing unit 30. 

As is known, the purpose of the central 
processing unit is to select, in accordance with a 
program, the optimal gear ratio at which the 
transmission should be operating and if necessary to 
command a gear change, or shift, into the selected 
optimal gear ratio based upon the current and/or stored 
information. The commands comprise commands to the 
transmission operator 26 to select a desired gear ratio 
and to clutch operator 22 for proper operation of master 
clutch 14. 

A typical master friction clutch 14 of the type 
to be automatically controlled by the automatic clutch 
control system of the present invention may be seen by 
reference to Figure 3. It is understood, of course, 
that the specific construction of the clutch and 
actuator therefore are shown for illustrative purposes 
and that the control system of the present invention is 
suitable for use in connection with clutches and/or 
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operators therefor of differing structure. Clutch 14 
illustrated is a typical two plate mechanical clutch 
vAiich is mounted to an engine fly wheel 42, Internal 
lugs 44 on the inner radius of the fly wheel 42 
correspond to slots in the clutch pressure plate 46 and 
intermediate plate 48 causing these elements to rotate at 
engine speed. They are, however, free to move in an 
axial direction. Clutch driven discs 50 are splined to 
the transmission input shaft 52. Clutch torque is 
provided by engaging springs 54 acting through levers 56 
to apply a pressure to pressure plate 46. This pressure 
squeezes the driven discs 50 and intermediate plate 48 
between the pressure plate 46 and the engine fly wheel 
42. The magnitude of the clutch torque is proportional 
to this pressure. 

The force provided by the spring 54 on the 
pressure plate 46 can be controlled by the axial position 
of the throw out bearing assembly 58. Throw out bearing 
assembly 58 can be moved in the axial direction by a 
cross shaft and control lever 60. The cross shaft is 
mounted in a clutch housing such that movement of the 
clutch control lever 60 will cause an axial movement of 
the throw out bearing assembly 58. In this manner, 
movement of control lever 60 can vary the force on 
pressure plate 46 and therefore the available clutch 
torque. A magnetic pickup 20 is mounted in the clutch 
housing and detects tooth passage of the gear teeth 62 
located on the outer radius of the engine fly wheel 42 to 
provide a signal proportional to engine speed. 

As may be appreciated, while it is fairly easy 
to measure ainbient clutch housing temperature, 
measurement of operating surface temperature (such as at 
the surfaces of intermediate member 48} is difficult. 
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The automatic clutch control system of the 
present invention, when utilized in connection with an 
automatic mechanical transmission system, comprises a 
portion of the central processing unit 30. As indicated 
above, the clutch control system of the present 
invention may be separate and distinct from any 
transmission control devices. 

The automatic clutch control system of the 
present invention is provided to automatically control 
the master friction clutch 14 connecting an engine 12 to 
a mechanical change gear transmission 10. Change gear 
transmissions are well known in the prior art and an 
example thereof may be seen by reference to United 
States Patents 3,105,395, the disclosure of which is 
hereby incorporated by reference. 

The automatic clutch control system of the 
present invention may be considered as comprising two 
portions, an operational portion which controls 
operation of the clutch to engage and disengage same in 
accordance with certain current and/or stored parameters 
and logic rules under normal operating conditions and an 
excessive temperature damage prevention override portion 
70 schematically illustrated in Figure 1. The 
operational portion of the automatic clutch control 
system will operate the clutch under normal operating 
conditions and, preferably, will be similar to the 
clutch control systems illustrated and described in 
above mentioned United States Patent Nos. 4,361,060; 
4,081,065 and/or 3,752,284. 

The operational portion of the automatic clutch 
control will typically have two modes of operation, 
namely, a start from stop mode of operation and a gear 
change mode of operation when a vehicle transmission is 
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shifted with the vehicle moving at above a given rate of 
speed. Typically, in the gear shift node of operation^ 
the master clutch is autonjatically caused to fully 
disengage at the initiation of a gear shift operation 
and automatically caused to fully re-engage at the 
completion of a gear shift operation of the change gear 
transmission at a rate which may be modulated or 
unmodulated, h considerably greater degree of control, 
as is well known in the prior art, is required for 
operation o£ the clutch in the start from stop mode of 
operation. lypically, in this mode of operation, the 
master clutch must be modulated between a fully 
disengaged and a fully engaged condition, or maintained 
at a predetermined partially engaged condition, in 
acxrordance with certain parameters which usually include 
at least engine speed and throttle position, to achieve 
an acceptably smooth start without stalling of the 
vehicle engine. During a start from stop operation, the 
clutch is maintained in a partially engaged condition, 
i.e. allowed a predetermined amount of slip, to maintain 
the engine speed and/or engine acceleration at above a 
predetermined value which value is determined by engine 
idle speed and throttle position* Typically, the 
predetermined value is proportional to sensed throttle 
position expressed as a percentage of wide open 
throttle. 

As is known, maintaining the master friction 
clutch in a partially engaged position, i.e. allowing 
the master clutch to slip, will generate a considerable 
amount of heat, especially at the slipping friction 
surfaces, which will result in elevated temperatures of 
the operating surfaces of the master clutch, which 
elevated temperatures if allowed to exceed a given level 
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may result in excessive wear and/or damage to the clutch 
components, especially the frictional surfaces thereof. 
During a typical start from stop, assuming normal 
operating conditions and a skilled or attentive vehicle 
operator, the master clutch will not remain in a 
partially engaged position for a period of time 
sufficient to elevate the temperature thereof to a 
dangerous level. However r under certain difficult 
and/or unusual start from stop conditions and/or when 
the vehicle is operated by an unskilled, and/or 
inattentive operator, it is possible that the operation 
of the operational portion of the automatic clutch 
control will maintain the master friction clutch in a 
partially engaged condition for periods of time 

sufficient to elevate the temperatures of the operating 
surfaces thereof to a level likely to cause undue wear 
and/or damage to the master clutch. 

In a typical heavy duty vehicle master clutch 
utilizing ceramic friction materials, temperatures of 
about 900^p or greater, at the friction surfaces, are 
considered destructive. 

Conditions which may result in a vehicle master 
clutch, especially in an automatic mechanical 
transmission system equipped vehicle, destructively 
overheating due to excessive slipping in the absence of 
an overriding damage prevention means includes 
situations such as attempting to start a heavily loaded 
vehicle up a steep grade with less than required 
available torque capacity of the engine for a given 
selected gear ratio, attempting to move a heavily loaded 
vehicle in poor traction conditions by partially 
engaging the clutcl) thereof and/or attempting to 
maintain a vehicle stationary on a grade by utilizing 
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the throttle and not the vehicle brakes. In the above 
cnnditions, if the vehicle operator is unskilled, 
inattentive and/or careless, in the absence of an 
override destruction protection means, the automatic 
clutch control systems of the prior art may result in 
the vehicle master clutch destructively overheating due 
to excessive slippage. 

The excessive temperature damage prevention 
override portion 70 of the automatic clutch control 
system of the present invention, see Figure 1, receives 
input signals 72, 74, 76, 78, 80 and 82 which may be 
sensed directly or tdiich are calculated by well known 
logic circuitry (not shown) tfhich circuitry may be a 
portion of the central processing unit 30. ,For purposes 
of this illustration, the input signals 72-82 may be 
considered in terms of Boolean logic wherein the 
presence of a signal may be represented by a "1" and the 
absence of a signal may be represented by a "0". An 
input signal will be present on line 72 if the current 
sensed throttle position exceeds a reference percentage 
of wide open throttle. The reference percentage of wide 
open throttle may be fixed, preferably fixed at 40% to 
50%, or may be variable with other sensed parameters. 
Accordingly, line 72 may be considered a throttle 
position signal. A signal will be present on line 74 if 
the difference between engine speed and input shaft 
speed exceeds a reference value vrtiich may be fixed or 
variable. Accordingly, line 74 may be considered a 
clutch slippage signal. A signal will be present on 
line 76 if the transmission 10 is not in neutral and 
n^tral has not been selected (usually by the 
operator). In transmission systems having a 
transmissicm driven power takeoff ("PTO"), any condition 
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wherein the PTO is driven is considered a not in neutral 
condition for purposes of signal 76. A signal will be 
present on line 78 if a gear change operation of 
transmission 10 has been initiated. Where the automatic 

5 clutch control of the present invention is utilized in 
connection with an automatic mechanical transmission 
system equipped vehicle/ the gear shift initiation will 
be initiated by the central processing unit 30* A 
signal will be present on line 80 if the vehicle brakes 

10 are being applied. Monitoring of the application of the 
vehicle brakes, and controlling the actuation of the 
master clutch 14 in response thereto , is considered to 
be optional. A signal will be present on line 82 if the 
vehicle throttle has been completely released, that is 

15 . the operators foot has actually been removed from the 
throttle pedal, or if a minimum value throttle position 
is sensed. 

The output of override portion 70 is the 
presence or absence of a signal on line 84. In the 

20 absence of a signal on line 84, the clutch 14 will be 
operated in accordance with the operational portion of 
the automatic clutch control system. In the presence of 
a signal on output line 84, the clutch 84 will be 

25 operated to prevent further slippage thereof. As 

explained above, it is preferred that the operation of 
the clutch in response to a signal on line 84 be that 
the master clutch is fully engaged, preferably in a 
nodulated fashion. 

30 Input signals 72, 74 and 76 are the inputs to 

an AND gate 86, which will provide a signal on line 88 
only if a signal exists on each of input lines 72, 74 
and 76. Accordingly, a signal is present on line 88 if 
and only if the sensed throttle position exceeds a 
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predeternined percentage of wide open throttle, the 
difference between engine speed and input shaft speed 
(i.e. clutch slip) is greater than a referenced value 
and the transmission is not in neutral. It has been 
found that, in the absence of any one of the conditions 
indicated by a signal being present on lines 72, 74 and 
76, heat build up due to excessive slipping of the 
master clutch will not occur. Signal line 88 splits 
into line 90 leading to an input of AND gate 92 and line 
94 leading to an input of NfiND gate 96. iSJD gate 92 
also receives an input froai line 98 which is connected 
to output line 84 by means of an inverter 100 so that a 
signal is present on line 98 only if an override signal 
is not present on output line 84. The output of AHD 
gate 92 is the presence or absence of a signal on line 
102 irtiich is the enabling signal to clutch heating 
sinulation oscillator 104. Clutch heating oscillator 
104, when cabled by the presence of a signal on line 
102, will oscillate at a frequency indicative of the 
rate of heating of the partially engaged master clutch 
14 during the existance of the conditions indicated by 
the pressure of signals on input lines 72, 74 and 76. 
Ofee frequency of oscillation of oscillator 104 nay be 
fixed to be indicative of an average rate of heating or 
nay be variable with the current rate of clutcA slippage 
an4/or sense aabient operating conditions. For each 
complete oscillation of oscillator 104, a signal or 
pulse is outputed to line 106 which is connected to the 
up input 108 of up/down counter 110. 

Line 94, branching from line 88 carrying the 
output of AND gate 86, is connected to the input of HAND 
gate 96 which also receives an input from line 112 
which, as will be described in greater detail below. 
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carries a signal only if counter 110 has counted dovm to 
its minimuni or zero value. NAND gate 96 will provide a 
signal on line 114 which is the enabling signal for 
clutch cooling simulation oscillator 116 if and only if 

5 a signal is absent on one or more of input lines 72, 74 
or 76 indicating that clutch heating is no longer 
occur Ing and if counter 10 has not counted down to its 
lowest value corresponding generally to a minimum 
simulated clutch operating temperature. Clutch cooling 

10 oscillator 116 oscillates at a frequency indicative of 

the cooling rate of a fully engaged or fully disengaged 
master clutch 14 which frequency of oscillation may be 
fixed to simulate an average cooling rate or which may 
be variable with ambient operating temperature or the 

15 like. For each complete cycle of oscillator 116 a 

single pulse or signal is supplied to line 118 connected 
to the down input 120 of up-down counter 110. 

It is understood that other types of periodic 
pulse outputing devices can be substituted for 

20 oscillators 104 and 116. 

The operation of up-down counter 110 is as 
follows. Assuming counter 110 to be a four bit binary 
device, it may be pulsed to a count value having any one 

25 of 16 numeric values between *0" and "15" {0000-1111 in 
the binary system) and is pulsed up one binary digit for 
each signal pulse received at up input 108 and is pulsed 
down one binary digit for each signal pulse received at 
down input 120. Accordingly, it may be seen that 

30 up-down counter 110 may be utilized to keep a count 
value lAich is indicative of a running simulated 
temperature history of the simulated operating 
temperature of master clutch 14 taking in account the 
heating and cooling thereof at different rates under 

35 different operating conditions. 
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. The outputs of up-down counter 110 are count 
lines 128, 130, 132 and 134. Count lines, 128, 130, 132 
and 134 are connected to the individual binary bits o£ 
the up-down counter 110 and will carry a signal when the 

5 binary bit is at a one "1" value and will not carry a 

signal when the binary bit is a zero "0" value* All of 
the count lines, 128, 130, 132 and 134 are inputs to an 
AND gate 121 the output of which is the presence of a 
signal on line 122 indicating that the maxiTnum count 

10 (binary 1111) has been achieved, which count is 

indicative of the clutch operating surfaces having 
reached an undesireably high operating temperature. If 
slip were to con tine, a destructive operating 
temperature aay be reached, typically, in a clutch 

15 i^erein 900^F is considered a destructive temperature 

at the operating surfaces, a signal would occur on line 
122 at a simulated temperature of 400^P-500^P* Line 
122 is connected to the enabling input 124 of latch 
mechanism 126. The presence of a signal at enabling 

20 input 124 of latch 126 will cause latch 126 to place, 
and until reset maintain, a signal on line 84 vAich is 
the override signal to the clutch operating means. All 
of the count lines, 128, 130, 132 and 134 are inputs to 

25 a NAND gate 136 irfiich will provide an output signal to 
line 138 if and only if all of the binary bits in the 
up-do%m counter 110 are at a zero ("0") value (binary 
count value 0000) corresponding to the lowest simulated 
clutch operating temperature. As indicated previously, 

30 line 112 branches from line 138 and leads to an input of 
NAND gate 96 whereby the clutch cooling oscillator 116 
is enabled if and only if the simulated clutch 
temperature is above the lowest simulated value and at 
least one of the conditions indicated by signals on 

35 input line 72, 74 and 76 are not true. 
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Line 138 which carries a signal only if the 
simulated clutch temperature is at the lowest simulated 
value (i.e. binary "0000" in counter 110) is connected 
to one input of OR gate 140. Also connected to inputs 

5 of OR gate 140 are optional input signal line 80 which 
carries a signal if the brakes have been applied and 
input line 82 which carries a signal only if the vehicle 
operator has released the throttle pedal. The output of 
OR gate 140 is a signal on line 142 connected to the 

10 reset input 144 of latch 126. The presence of a signal 
at the reset input 144 will reset the override output 
signal on line 84 to zero (i.e. the lack of a signal) 
regardless of the previous condition thereof. 
Accordingly, at any time that the simulated clutch 

15 temperature reaches the lowest simulated value, or the 
operator totally releases the vehicle throttle (or 
possibly if the vehicle brakes have been applied) a 
signal is supplied to the reset input 144 to latch 
mechanism 126 which will reset the output signal on line 

20 84 to zero. It is important to understand, that a 

signal to reset input 144 of latch mechanism 126, while 
resetting the override output signal to zero, will not 
alter the current count of the up-down counter 110 which 

25 is a simulation of the current clutch operating 

temper ture in view of the monitored input parameters. 

It has been found, that when the simulated 
clutch temperature is at it lowest simulated value, or 
when the vehicle operator releases the throttle pedal, 

30* indicating he is aware of an existence of a problem, 

that is safe to remove the override signal and to allow 
the operation portion of the automatic clutch control to 
operate in its normal itanner subject to, of course, 
later overriding action in view of simulated clutch 



-20- 



01 60368 



temperature reaching the destructively overheated 
reference value. Input line 78, *.bich carries a signal 
only upon initiation of an upshift, is connected to the 
reset input 146 of the up-down counter 110. The 
presence of a. signal at reset input 146 of counter 110 
will cause the up-down counter to be reset to its lowest 
value Ci.e. binary 0000) whic* will, of course, result 
in a signal to the reset input 144 of latch 126. It has 
been found, in a vehicle equipped with an automatic 
mechanical transmission system, that when the central 
processing unit calls for an upshift, this is indicative 
that the vehicle has reached proper acceleraUon to 
continue to move in a normal manner and thus is, not in 
the start from stop mode. It is understood, of course, 
that for manuaUy shifted transmissions, this input may 

not be utilized. 

It is recognized that the particular 
configuration of the logic circuit, and elements 
thereof, schematically illustraUng the override portion 
70 of the automatic clutch control system of the present 
invention as illustrated in Figure 1 is subject to 
substitution and/or rearrangement of the specifically 
described components without departing from the spirit 
and the scope of the present invention, 

WTO gates, NWID gates, CR gates, signal 
inverters, oscillators and latches are well known 
electronic components and will not be described in 
further detail herein. Binary counting devices such as 
up-down counter 110 are commercially available from 
nanufacturers such as Radio Corporation of America as 
model numbers RCA-CD40192B and RCA.Ca)40193B. Circuit 70 
may be any suitable microprocessor (with appropriate 
Boftware). programable logic array, programable gate 
array or the like. 
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It is understood that a signal on line 84 may 
also be utilized as an input to the CPU 30 which CPU 
will utilize the signal in combination with other sensed 
and/or calculated inputs to operate the master clutch. 
5 In such a system, depending upon the CPU logic rules and 
the other sensed and/ or calculated inputs, the clutch 
may be allowed to continue to slipr the supply of fuel 
to the engine may be decreased or other actions may be 
commanded • 

10 Accordingly, as may be seen, an automatic 

clutch control system, preferably for use in connection 
with a vehicle equipped with an automatic mechanical 
transmission system, is provided which includes an 
excessive temperature damage prevention or minimization 

15 override portion to prevent or minimize the existence of 
conditions vAereat the vehicle master clutch will tend 
to destructively overheating due to excessive slippage 
thereof and to provide the vehicle operator with a 
physical indication that he is exceeding the capability 

20 of the vehicle under the current operating conditions. 
The override portion of the automatic clutch control 
system maintains a simulated current clutch operating 
temperature value, which value is increased in 

25 accordance with a selected expected rate of clutch 

heating resulting from sensed clutch slippage conditions 
and which value is decreased in accordance with a 
selected rate of clutch cooling in the presence of 
non-slipping clutch operating conditions. When the 

30 simulated clutch operating temperature value reaches a 
value indicative of impending destructive overheating 
thereof, an override signal is provided to the clutch 
control to prevent partially engaged operation thereof. 
Preferably, in response to the override signal, the 

35 master clutch is fully engaged. 
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Although, the present invention has been set 
forth with a certain degree of particularity, it is 
understood that various saodif ica tion and substitution 
and rearrangement of the components are possible without 
departing from the spirit and the scope of the invention 
as hereinafter claisied. 
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I CLAIM: 

Claim 1. An automatic control system for 
autcxnatically operating a vehicle master clutch (14) 
interconnected between a throttle controlled engine (12) 
and a change gear transmission (10) , said control system 
including means for receiving sensed or calculated input 
signals (72, 74, .76, 78, 82) indicative of clutch, 
engine and transmission operating conditions and means 
for providing output signals to command (22) the 
operation of said clutch to a first fully engaged 
condition, a second fully disengaged condition and a 
third partially engaged condition, said control system 
characterized by means (110) for simulating the current 
operating temperature of the clutch operating surfaces 
including means for increasing the simulated temperature 
at a first rate in response to predetermined sensed 
excessive clutch slippage conditions (104) and means for 
decreasing the simulated temperature at a second rate in 
response to the absence of said predetermined excessive 
sensed clutch slippage conditions (116) . 

Claim 2, The autcsnatic clutch control system 
of claim 1 additionally comprising means (126) for 
commanding the clutch to be placed in one of said fully 
engaged or a fully disengaged conditions if the 
simulated current operating temperature exceeds a 
predetermined value. 

Claim 3. The automatic clutch control system 
of claim 2, wherein said clutch is caused to assume the 
fully engaged condition thereof in response to said 
simulated current operating temperature exceeding said 
.predetermined value. 

Claim 4. The automatic clutch control system 
of claim 3, wherein said input signals indicative of 
clutch, engine and transmission operating conditions 
include a signal (72) indicative of throttle position, a 
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signal (74) Indicative of the difference between engine 
speed and transmission input shaft speed, and a signal 
(76) indicative of the engaged condition of the 
transmission. 

5 Clai» 5. The automatic control system of claim 

4 wherein said sensed excessive clutch slippage 
conditions ooivrlse the presence of signals indicating 
the sensed ihrottle position exceeds the predetermined 
percentage of wide open throttle, the difference between 

10 engine speed and transmission input shaft speed exceeds 
a predetermined value and the transmission is engaged in 

a gear ratio. 

Claim 6. The automatic control system of claim 
5, wherein the absence of said predetermined conditions 
15 cerises the absence of any one of said signals 
indicating said throttle position exceeds said 
predetermined percentage of wide open throttle, said 
difference between engine speed and transmission input 
shaft speed exceeds said predetermined value or said 
20 transmissibn is engaged in a gear ratio. 

Claim 7. The automatic control system of claim 
2, wherein said first rate varies proportionally with 
the magnitude of the difference between the engine speed 
25 and transmission input shaft speed. 

Claim 8. The automatic control system of claim 
5, wherein said means for simulating current clutch 
operating temperature has a maximum value and a minimum 
value and said means for increasing said simulated 
30 t«irperatare is disabled when said simulated value 

reaches its maximum value and said means for decreasing 
said simulated temperature is disabled when said 
simulated value is at its minimum value. 

Claim 9. The control system of claim 8, 
35 wherein said signal causing said clutch to be fully 
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engaged Is discontinued when said simulated clutch 
operating temperature reaches its minimum value. 

Claim 10* The automatic clutch control of claim 
5, wherein said input means include a signal (82) 
5 indicating the presence or absence o£ the operator's 
foot upon the vehicle throttle and said signal 
commanding said clutch to be fully engaged is 
discontinued when the operators throttle is released. 

Claim 11; The automatic control system of claim 

10 5, wherein said simulated current clutch operating 

temperature is not varied by the presence of said signal 
commanding said clutch to be fully engaged. 

Claim 12. An override protection control system 
(70) for an automatic clutch control of the type 

15 automatically controlling a vehicle master clutch (14) 
drivingly interposed a throttle controlled engine (12) 
and a change gear transmission (10) , said master clutch 
having a first fully engaged mode, a second fully 
disengaged mode and a third partially engaged mode, said 

20 automatic clutch control having an information 

processing unit (30) for receiving a plurality of input 
signals including (1) an input signal indicative of 
engine speed (20) and (2) and input signal indicative of 

25throttle controlling means (118) position, said 
processing unit including means for processing said 
input signals in accordance with predetermined logic 
rules and for generating operational output signals 
whereby said master clutch is operated (22) in 

SOaccordance with said logic rules, said override control 
system characterized by: 

means (110) for maintaining an override value 
(128, 130, 132, 134) indicative of simulated current 
clutch friction surface operating temperature including 

35means (104) for increasing said override value in 
response to first sensed conditions at a first rate. 
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Beans (116) for decreasing said override value in 
response to second sensed conditions at a second rate 
and Means (126) for generating an override output signal 
when said override value equals a predetermined 
5 reference value. 

Clain 13. The override protection control 
systen of claim 12, wherein said override output signal 
will cause said cantch to assune said first operational 
mode thereof. 

10 Claim 14. The override protection control 

systoi of claim 13, wherein said first rate is a rate 
proportional to a selected clutch friction surface 
heating rate and said second rate is a rate proportional 
to a datch friction surface cooling rate, 

15 Claim 15. The override protection control 

systea of daiii 14, including means for receiving 
addiiiional Input signals including (3) a signal 
indicative of transmission input shaft speed (24) and 
(4) a signal indicative of the state of engagement (26) 

20 of said transmission, said first conditions including 
the presenile of signals indicating (5} that current 
throttle position is greater than a predetermined 
percentage of maxinum throttle position (72), (6) that 

25 the difference between engine speed and transmission 

input 6h2ift speed exceeds a predetermined value (74) and 
(7) that the change gear transmission is not in neutral 
(76) • 

Claim 16. The override protection control 
30 system of claim 15, wherein said second set of condition 
induMSes the absence of a signal indicating (5) throttle 
position is greater than a predetermined percentage of 
maximum throttle position, (6) the difference between 
engine speed and transmission input shaft speed is 
35 greater than a predeterained value, or (7) the 
transmission is not in neutral* 
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Claim 17. The override protection control 
system of claim 15, wherein said first rate is variable 
with the magnitude of the difference between engine 
speed and transmission input shaft speed. 
5 Claim 18. The override protection control 

system of claim 15, including means to receive an input 
signal (8) indicative of the operator completely 
releasing the throttle control means (82) and means 
(140) for disabling said means for generating said 
10 override signal in response to sensing operator fully 
releasing the throttle control means. 

Claim 19. The override protection control 
system of claim IB, wherein sensing of said input signal 
indicative of operator release of said throttle control 
15 means will not vary said override value. 

Claim 20. The override protection control 
system of claim 15, including means (9) for sensing 
engagement of the vehicle brake (80) and means (140) in 
response to receipt of said input signal indicating 
20 application of said vehicle brake for disabling said 
means generating said override signal. 

Claim 21. The override protection control 
system of claim 15, wherein said means for increasing 
25 said override value is disabled (112, 96) in response to 
actuation of said means for generating said override 
control signals. 

Claim 22. The override protection control 
system of claim 15, wherein said override value has a 
30 preset maximum value and a preset minimum value, said 
means for generating an override output signal actuated 
(121, 124) when said override value equals said maximum 
value. 

Claim 23. The override protection control 
35 system of claim 22 wherein said preset maximum value 
equals said predetermined reference value. 
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Claim 24. The override protection control 
system of claim 22, including means (112) to disable 
said means for decreasing said override value when said 
override value equals said minimuni value. 
5 Claim 25. The override protection control 

syst^ of claim 22, wherein said change gear 
transmission is an automatip mechanical transmission and 
including means (146) for receiving an additional input 
signal (10) Indicative of initiation of a transmission 
10 upshift gear change (78) and means in response to 
receiving said signal indicative of initiation of a 
transmission upshift for resetting said override value 
to said minimiBD value. 

Claim 26. The override control systen of claim 
15 25, Iftcluding means for disabling said means for 
generating said override signal in response to said 
override signal equalling said minimum value. 

Claim 27. The override protection control 
systa of claim 13, including means responsive to said 
20 override signal for actuating an alarm device (40) . 

Claim 28. The override control system of claim 
13, including means (38) for sensing an ambient vehicle 
conponent operating temperature and said first and 
25 second rates are variable in accordance with said sensed 
vehicle compcment operating temperature. 

Claim 29. An improved automatic clutch control 
system of the type automatically controlling a vehicle 
master clntcdi interposed a throttle controlled engine 
30 and a change gear transmission, said master clutch 

having a first fully engaged operational mode, a second 
folly disengaged operational mode and a third partially 
engaged operational mode, said automatic clutch control 
systea having an information processing unit for 
35 receiving a plurality of input signals including (1) an 
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input signal indicative of engine speedy (2) an input 
signal indicative of throttle controlling means 
position r (3) an input signal indicative of transmission 
input shaft speed and (4) an input signal indicative of 

5 the shifted condition of the transmission, said 

processing unit including means for processing said 
input signals In accordance with predetermined logic 
rules and for generating output signals whereby said 
master clutch is operated in accordance with said logic 
10 rules, said Improvement characterized by: 

means for calculating a simulated current 
master clutch operating temperature including means 
(110) for maintaining a simulated numerical value 
indicative of the simulated current clutch operating 

15 temperature, means (104) for increasing said simulated 
numerical value at a first predetermined rate in 
response to input and/or calculated signals (72, 74, 76) 
indicating that the throttle position is greater than a 
predetermined percentage of wide open throttle r the 

20 difference between engine speed and transmission input 
shaft speed is greater than a predetermined value and 
that said transmission is not in neutral, means (116) 
for decreasing said simulated numerical value at a 

25 second predetermined rate in response to the absence of 
at least one of said sensed and/or calculated signals 
indicating that the throttle position exceeds said 
predetermined percentage of wide open throttle, that 
engine speed exceeds transmission input shaft speed by 

30 said predetermined value or that said transmission is 
not in neutral. 

Claim 30, The improved automatic clutch control 
system of claim 29 further including means (126) 
responsive to said simulated numerical value equaling a 

35 predetermined reference value for causing said control 
system to generate a clutch protection output signal 
(84). 
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ClaiB 31. The improved automatic control system 
of claim 30 wherein said clutch protection output signal 
is effective to command operation of said clutch in the 
first operational mode thereof. 

Claim 32. The improved automatic clutch control 
system of daim 30 wherein said first rate is a rate 
selected to simulate the rate of heating of said master 
dutch' in the presence of the conditions indicated by 
the presence of the signals enabling said means to 
10 increase said numerical value and said second rate is a 
rate proportional to the cooling rate of said master 
cautch in the absence of any one of the conditions 
enabling said means for increasing said numerical value. 

Claim 33. The i«?.roved automatic clutch control 
15 system of claim 32, wherein said central processing unit 
additionally receives (5) an input signal (82) 
indicative of vehicle operator release of the throttle 
control means and ihcludes means responsive to receipt 
of said signal indicative of operator release of said 
20 throttle control means effective to disable said means 
for generating said clutch protection output signal. 

Claim 34. The automatic control system of claim 
33, including means responsive to said simulated 
25 numerical value equalling a minimum value for causing 
said means for generating said clutch protection output 
signal to be reset in a non-output signal generating 
condition. 

Claim 35. The automatic control system of claim 
30 34r wherein said means (126) responsive to said 

simulated numerical value equalling said reference value 
conUnues to generate said clut(A protection output 

signal until reset. 

Claim 36. The automatic control syst^a of claim 

35 35, wherein said means responsive to said simulated 
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numerical value equalling said reference value is a 
latch device having a setting input responsive to the 
presence of a signal thereat for setting said device to 
generate said output signal and a reset input responsive 
to a signal thereat for causing said device to be reset 
to a non-output signal generating condition • 

Claim 37* The automatic clutch control system 
of claim 35 wherein said means for maintaining said 
simulated nxmerical value is an up-down counter device 
having an up count input (108) and a down count input 
(120) , said counter device responsive to a signal at 
said up input to increase said numerical value and 
responsive to a signal at said down input for decreasing 
said numerical value. 

Claim 38. The automatic clutch control system 
of claim 37, wherein said up--down counter device is a 
digital device which will increase "and decrease the 
numerical value maintained therein by a single digit , 
respectively r in response to a pulse received at the up 
count and down count, respectively, input thereof. 

Claim 39. The automatic clutch control system 
of claim 38, wherein said up count input (108) is 
connected to a first periodic pulse generated device 
(104) having a first pulse generating frequency 
proportional to said first rate and said down count 
Input (120) is connected to a second periodic pulse 
generating device (116) having a second pulse generating 
frequency proportional to said second rate* 

Claim 40. The autranatic clutch control system of 
claim 39/ wherein said up-down counter has a reset input 
(146) and is responsive to a signal thereat for 
resetting the numerical value maintained therein to said 
minimum value. 
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Claim 41. The automatic clutch control system 
of clai» 40, wherein said processing unit additionally 
receives (6) an input signal (78) indicative of a 
oosuaand initiating an upshift of said transmission and 
includes means responsive to receipt of said input 
signal for causing a signal to be present at said reset 
input of said up-doim counter. 

Claim 42. An override clutch protection system 
(70) foe an automatically controlled friction vehicle 
master clotch (14) drivingly interposed a throttle 
controlled engine (12) and a mechanical change gear 
transmiBBion (10) r system characterised by: 

means (110) for maintaining a simulated clutch 
operating tenqperature value; 

means (104 and 116) for increasing and 
decreasing said value in response to sensed conditions 
including (1) the engaged condition (76) of the 
transmission} and 

means (126) for commanding said clutch to be 
fully engaged in response to said value exceeding a 

reference value. 

Claim 43. The system of claim 42 wherein said 
sensed conditions include (2) throtUe position (72) . 



01 60368 




01 60368 



BRAKE 

APPLIED P^36 




POWER 
SOURCE 



ALARM -J 
40 



534 



o 

84- 



CENTRAL PROCESSING UNIT 



TEMP 



36 



1 



THROTTLE 




ENGINE 


POSITION 




SPEED 



ENGINE 



12 



24 



1 



DC 

I 

llJ 

Ql 
O 

X 

\^ 

3 



\ 



X 

3 



26- 



8 

a. 
(/) 

I- 
z 



z 
o 

(n 
00 

(/) 
z 

I- 



2 



g 

Q. 

o 



z 
o 

(0 

(ft 
z 
< 



1^ 



3 
D. 

O 

z 
o 

(ft 
(ft 

(ft 
z 
< 

(T 



TRANSMISSION 



14 



FIG. 2 



01 60368 




J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Ql 60368 

Application numoer 

EP 85 30 1633 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,A 



i 



I 
s 



Citation ol Oocum«m with indication, v^ere appropriate, 
of relevant passages 



US-A-4 081 065 (SMYTH et al.) 

* Claims 1-13 * 

DE-A-3 131 925 (FUJI JUKOGYO) 

* Abstract; figure 7 * 

US-A-4 072 220 (HAMADA) 



PATENT ABSTRACTS OF JAPAN, vol. 
1, no. 217, 27th September 1983, 
page (M-245) (1362; & 
JP-A-58-112826 (AISHIN WARNER) 
05-07-1983 



DE-A-2 818 427 (BOSCH) 



Th« praMnt saarch raport has bean drawn up (or all dalnw 



Relevant 
to claim 



1-4,7, 
12,13, 
17,29, 
42,43 



1-3,12 
,13,42 



D«te ^^^mglgion^q^tg^rch 



CLASSIFICATION OF THE 
APPLICATION (Int CM) 



F 16 D 66/00 
B 60 K 23/02 



TECHNICAL FIELDS 
SEARCHED (int. Cl>) 



B 60 K 23/00 

B 60 K 41/00 

F 16 D 13/00 

F 16 D 66/00 



KRIEGER l^'Ti" 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant tf taken alone 

Y : particularly relevant if conobined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T 

E 

D 
L 



theory or principle underlying the invention 
earlier patent document, but published on. or 
after tf>e filing date 
document cited in the application 
document cited for other reasons 



A : member of the same patent family, corresponding 
document 



CO 



O 
O 



